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OPTICALLY  INDl’CED  HIGH  EFFICIENCY  GRATINGS  IN  AZO 
POLYMER  FILMS 

by  P  Rochon1,  J  Mao’.  A  Natansohn^,  and  £  Batalla1 

^cpanment  of  Physics.  Royal  Military  College  of  Canada,  Kingston, 
Ontario  K7K  5L0  and  -Department  of  Chemistry.  Queen's  University, 
Kingston.  Ontario.  K'L  3N6 

INTRODUCTION 

Polymer  materials  have  been  recently  studied  for  their  possible  use 
in  the  optoelectronic  and  optical  storage  fields  These  material  present 
major  cost  and  processing  advantages  and  thus  make  these  very  attractive 
candidates  for  these  rapidly  advancing  technologies  It  has  recently  been 
shown  that  optical  information  can  be  optically  stored  and  erasable  in  azo- 
polymers1  This  is  accomplished  by  optically  inducing  a  rearrangement  of 
these  anisotropic  molecules  thereby  inducing  a  controllable  birefringence 
and  dichroism  in  an  azo-polymer  thin  film 

The  ability  to  change  the  refractive  index  properties  of  a zo- 
p.Amers  has  lead  us  to  investigate  the  possibility  of  using  these  films  as 
e-asa-'le  holographic  storage  media  and  to  investigate  the  properties  of 
these  films  when  these  are  used  as  holographic  volume  gratings  The 
possible  use  of  such  gratings  as  coupling  agents  for  light  to  be  transmitted 
tn  ■  film  wave  guide  has  been  an  important  consideration 

The  present  work  reports  the  observation  and  recording  of  highly 
efficient,  stable,  erasable  diffraction  grating  on  azo-polymer  films  The 
efficiencies  substantially  exceed  those  expecied  from  the  creation  of 
volume  phase  gratings  which  can  be  recorded  by  optically  induced 
birefringence 

EXPERIMENT 

The  measurements  reported  here  were  made  on  4'-[(2- 
(acryloyloxy  ithel]ethyl-amino]-»-nitroazoberuene  (pDRIA)  polymer  thin 
films  The  polymer  preparation  has  already  been  reported1-*  The  films 
we'e  made  bv  dissolving  the  polymer  in  tetrahydrofuran  (THF)  and  spin 
e  ating  onto  a  glass  substrate  The  film  thicknesses  were  of  about  200  run 
The  films  were  then  heated  3bove  the  glass  transition  temperature  of  the 
P'.  'vmer  .  ca  Q?  C  .  in  order  to  remove  remaining  solvent  The  films’ 
optical  density  was  typicallv  OD  I  at  514  nm 

The  gratings  were  optically  inscribed  onto  the  films  using  a  setup 
illustrated  in  figure  1  The  writing  beam  was  formed  by  expanding  and 
collimating  an  argon  laser  beam  at  5M  nm  to  a  diameter  of  three 
millimeters  This  beam  was  incident  onto  the  sample  holder  which 
consisted  of  a  sample  stage  set  at  nght  angles  to  a  front  surface  mirror  The 
portion  of  the  beam  which  strikes  the  mirror  is  reflected  back  onto  the 
sample  to  interact  with  the  direct  beam  and  form  an  interference  patlem  on 
and  throughout  the  sample  The  wavelength  of  the  laser  as  well  as  the  angle 
of  incidence,  a.  of  the  writing  beam  to  the  sample  holder  can  be  adjusted  to 
change  the  spacing  of  the  interference  pattern  The  light  in  the  interference 
pattern  is  absorbed  bv  the  polvmer  film  and  the  formation  of  a  grating  has 
beer,  observed 

The  time  evoiuiion  of  the  optically  tnducec  graung  is  monitored 
using  a  HeNe  probe  beam  at  633  nm  This  beam  is  used  because  it  is  not 
absorbed  bv  ihe  film  and  ,ar.  be  left  on  without  disturbing  the  results  The 
probe  beam  is  neariv  parallel  to  the  writing  bean  and  the  films  are 
sutficientlv  thir.  tba1  tht  Bragg  condition  on  the  angle  of  incidence  is  not  a 
cntica!  parameter  m  these  measurements  For  thicker  films  care  is  taken  to 
prope'lv  align  the  probe  beam,  although  a  measurement  of  the  absolute 
diffract  tor.  etficiencv  car  easiiv  be  performed  as  a  function  of  angle  in  a 
sjbseqjen'  expe-mem  to  'he  inscription  process 


Figure  1  Grating  inscription  setup 


RESULTS  AND  DISCISSION 

Typ  ca!  results  for  the  diffraction  efficiency  of  the  opticallv  ire. 
g'attng  are  presented  in  Figure  2  The  results  show  that  there  is  crt-ct 
a  grating  ai  short  times,  with  a  time  constant  on  the  order  of  1  (  \- 
seconds  for  the  writing  powers  used  here  This  is  followed  bv  a  ,1c 
build  up  of  a  highly  efficient  diffraction  grating  with 
charactenstic  time  constants  in  the  thousands  of  seconds 
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Figure  2  Diffraction  efficiency  of  pDRIA  films  as  a 
function  of  ume  for  various  writing  beam  power 


Ue  associate  the  observed  behavior  with  two  distin,-  proces-r-  • 
vfeating  the  diffraction  In  the  firsi  case  the  diffraction  etficiencv  arr-cu'-  ■ 
saturate  at  about  0  2  co  This  behavior  can  be  explained  as  being  due  to  :•  •. 
optical  creation  of  a  birefringence  grating  throughout  the  sample  The  iig- 
which  is  reflected  by  the  mirror  will  be  partially  linearlv  polanzed  and  loee 
birefringence  can  be  induced  in  these  polymers  bv  using  linearlv  polar.zt; 
light1  Using  Kogelnrck  s  expression  for  the  efficiencv  of  a  volume  pha>t 
grating-'  we  obtain  a  birefringence  of  An  5  05.  a  tvpica  value  for  tk-. 
opticalb  induced  birefringence  alreadv  observed  on  this  material1--  vv 
also  have  confirmed  this  interpretation  of  this  initial  grating  formation  r 
stopping  the  writing  process  after  10  seconds  and  erasing  the  era:;-, 
opticallv  using  unpolansed  light  to  overwrite  on  the  fiirr. 


The  second  pan  of  ihe  diffraction  behavior  appears  to  come  from 
an  optical!)  induced  mass  diffusion  of  the  polsmer  The  grating  produced 
dunng  this  part  of  the  writing  is  permanent  as  long  as  the  sample's 
temperature  is  kept  beloss  the  glass  transition  temperature  The  grating  can 
be  erased  bs  heating  the  him  abose  the  glass  transition  temperature  and  a 
ness  g'atmg  can  be  wntten  onto  the  film  after  it  has  cooled  There  appears 
to  be  no  pe-manen:  damaged  caused  to  the  film  in  such  a  writing  erasing 
cede  We  also  note  that  ether  gratings  of  dffenng  orientation  and  grating 
spacing  can  be  wrtt’en  on  top  of  already  existing  gratings  It  is  also 
possible  to  write  mu'trple  gratings  by  using  the  multiple  lacing  lines 
simultaneous!) 

At  atomic  force  microscope  was  used  to  obtain  a  surface  profile  of 
the  film  ir  order  to  confirm  that  a  phssica!  displacement  of  pohmer 
material  ts  ms ol.ed  in  the  creation  of  ihe  grating  A  tspical  result  is 
presented  in  figure  3  Again  using  Kogelmcks  expression  for  a  thick 
grating  and  using  a  typical  refractixe  index  of  I  6  for  this  polymer  sse 
obtain  a  grating  depth  of  '.  5C  nm.  in  keeping  with  the  obsemed  results  The 
grating  profile  exhibits  a  sinusoidal  behastor  which  echoes  the  power 
densitx  profile  of  the  interfering  writing  beams  The  grating  spacing  could 
be  ad  usied  from  3tO  nanometers  to  over  1  micron  using  514  nm 
wavelength  at  sar.ous  angles  of  incidence  The  fine  grating  sparing 
arbir.  iSe  is  reminiscent  of  the  recer.il)  reported  sub  micron  periodic 
it-jCtoes  or.  polymer  surfaces'**' 


Figure  3  A;  -mic  force  microscope  surface  profile 
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The  grating  formation  rate  is  nitiall)  direct!)  proportional  to  the 
wrung  beam  power  wh'c.h  suggests  that  the  tmponant  parameter  ts  the 
tota!  energx  absorbed  bs  the  polvmer  The  diffraction  efficiencx  is  aiso  seen 
'c  saturate  at  about  2S  "o  tn  these  samples,  this  ts  what  would  be  expected 
fo'  a  grating  thicxness  approaching  the  films  thickness  of  about  1~0  nm 
The  true  limit  to  the  efficiencx  achiexable  mas  yet  be  higher  for  thicker 
films 

CONCLl  SION 

Opt  calls  induced  diffraction  gratings  are  seen  to  base  diffraction 
efficiencies  which  far  exceed  that  which  could  be  the  result  of  induced 
birefringence  m  the  polsme-  film  The  present  prehminars  studs  indicates 
that  polymer  diffusion  is  at  the  origin  of  the  grating  formation  and  indicate 
■ha:  thermal  effects  mas  be  insolsed  although  no  polsmer  ablation  is 
obsemed  and  that  the  samples  are  recoserabie  bs  heating  abose  the  glass 
transition  temperature  of  the  polsmer  We  expect  that  higher  efficiencies 
mjs  be  ach  e  . 3P  e  ard  that  gratings  with  much  fitter  spacing  as  low  as  25o 
nm.  co_id  So  .s  nc  -ec.-ded  Since  the  gratings  are  orncalls  mduced  a 
•tur-he-  if  a;  p- cat  ’n-  .r  the  Ttoelectronic  fields  p-esent  ’hemselses  Two 
pr  — a"x  candidate'  arc  -  -e  fteids  of  optica  wj.e  guides  and  optica, 
co.rurtk'  to  films 


